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究细胞穿膜肽(TAT)修饰的 Fe3O4@SiO2 NPs 在外加磁场的作用下跨过体外血脑
屏障模型。具体工作分为以下三个方面： 
1，磁性复合纳米粒子的合成：1）以碱共沉淀法合成四氧化三铁纳米粒子
（Fe3O4 NPs）；2）利用经典 Stöber 法，合成核壳结构的 Fe3O4@SiO2 NPs ，复












血脑屏障效率高于未修饰的纳米粒子。 激光共聚焦结果显示 TAT 修饰复合纳米



































Delivery of therapeutic or diagnostic agents across the blood-brain barrier (BBB) 
remains a major challenge. Nanoparticle-based transport has been the subject of 
recent strategies to cross the BBB. Magnetic nanoparticles in particular are actively 
being developed based on their unique properties to respond to magnetic fields to 
ensure nanoparticles mainly gathered in focal areas and reduce the side effects on 
normal cells. In this paper we synthesised silica-coated ferroferric oxide nanoparticles 
(Fe3O4@SiO2), and study the cell-penetrating peptide (TAT) modified magnetic 
nanoparticles (Fe3O4@SiO2-TAT) crossing blood-brain barrier in vitro under the 
action of magnetic field. The main contents and results are as follow: 
1. The synthesis of Fe3O4@SiO2 nanoparticles: the Fe3O4@SiO2 composite 
nanoparticles were prepared by Stöber method. The thickness of SiO2 and the amount 
of Fe3O4 nanoparticles in the composite nanoparticles can be controlled by adjusting 
the reaction conditions. Then the Fe3O4@SiO2 nanoparticles were aminated with 
3-Aminopropyltrimethoxysilane (APTMS) for the further biological application. TEM, 
XRD, XPS, FTIR, Zeta potential were used to characterize the nanoparticles, and the 
vibrating sample magnetometer showed the compound nanoparticles with excellent 
magnetic properties. 
2. The construction of in vitro blood-brain barrier model: Immortalized Human 
Brain Endothelial Cell Line (hCMEC/D3) was used to established in vitro blood-brain 
barrier model. The evaluation of the model confirmed that it was integral and showed 
excellent barrier effect to both the small molecular and macromolecular substances. 
3. The research of Fe3O4@SiO2- TAT crossing the BBB model in vitro:  The 
results demonstrated that the magnetic field and the TAT modification improved the 
capacity of magnetic nanoparticles crossing BBB model. Fe3O4@SiO2-TAT can 
entering U251 cells and accumulated in nucleus after crossing the BBB model.  
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但是直到 20 世纪 60 年代，随着科学技术的发展，尤其是电子显微镜技术的发
展和应用，才揭示了 BBB 的解剖学基础——一个复杂的细胞系统,它主要由毛细





































图 1-1 血脑屏障（A）及紧密连接（B）结构示意图 



































Occludin 和 Claudin-5 表达降低，血-脑屏障通透性增加。而照射后 1-2 周左右，













分子材料作为缓释药物载体。在 20 世纪 90 年代就开始进行卡氮芥-聚乳酸
(BCNU-PLA)缓释膜的研究，已有研究结果表明植入部位 BCNU 的浓度能够比
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